A remarkable recession in the death rate from tuberculosis of all forms has occurred in our country during the past thirty years. This trend has led to the hopeful assumption that in another such period tuberculosis would be relegated to a position of minor importance in so far as its being a major cause of death is concerned. During this period of decline especial emphasis has been placed upon the diagnosis of the disease in its early stages, upon the ferreting out of sources of contact, and upon the provision of adequate hospital facilities to segregate and properly care for those afflicted with the disease. The hospital care of tuberculous cases has been broadened to include various surgical procedures in an attempt to relieve and to cure patients who had hitherto been regarded as doomed to die. Keeping pace with these developments more meticulous laboratory methods have been devised for the demonstration of tubercle bacilli in the sputum and in the gastric contents. A decade ago if tubercle bacilli were searched for in direct smears of sputum it was gehnerally considered a satisfactory investigation. Today it is well understood that tubercle bacilli may not be demonstrated unless culture and guinea-pig inoculation of concentrates of sputum or of fasting gastric contents are utilized. At the present time there is a growing tendency to defer the discharge of tuberculous patients from hospitals so long as tubercle bacilli can be demonstrated by any method. In brief, it is now generally conceded that a large proportion of tuberculous cases can be successfully brought to a stage where there is little, if any, evidence of clinical activity, but that the majority of such cases are not pathologically cured of the disease.
Methods used and results obtained
Since such a high proportion of tuberculous cases can now be brought to a state of clinical inactivity it becomes important to determine by the more refined laboratory methods what percentage have reached a stage where tubercle bacilli can no longer be demonstrated. Ideally such a study would require the daily examination of all sputum, or of fasting gastric contents in those cases that raise no sputum. Such a routine procedure is hardly possible because of the tremendous amount of work involved. A reasonable procedure, however, would be a thorough examination of monthly specimens. This method was adopted and followed for one year in all the tuberculous cases in this institution. Two consecutive fasting gastric contents were obtained from all cases that did not raise sputum. These specimens were concentrated and pooled for culture and guinea-pig inoculation. In all cases raising sputum a monthly 24 Of the 116 patients, 39 (34 per cent) had never had expectoration, and 77 (66 per cent) had had expectoration at some time. Sputum smears were always negative in 27 cases. Of the 50 patients in whom tubercle bacilli had been demonstrated in sputum smears at some time 33 had converted their sputum during the study to a consistently negative status as determined by smear examination (concentrate). Seventeen cases had positive smears in the majority of the examinations.
It is apparent that, as a whole, this group of tuberculous patients was not discharging tubercle bacilli in large numbers. It is therefore of interest to analyze the results obtained by the consistent use of culture and guinea-pig inoculation in patients where the demonstration of tubercle bacilli by smear may be difficult, and to define the cases that remain consistently negative even with the use of the more refined laboratory methods.
There were 17 patients who had positive smears of sputum concentrate. All of the concentrates were cultured to test the efficacy of our culture method. The results of these tests will be discussed later.
In 99 patients culture and guinea-pig inoculations were done from sputum, or from gastric concentrates either because no sputum was raised during the study (48 cases) or because smears of sputum concentrates were consistently negative (51 cases.) Over 900 tests were done, with 35 per cent positive results by one or both methods of examination. Seventy-six cases were positive one or more times, and 23 were consistently negative. Table 1 shows the distribution of the cases, classified according to the stage of the disease and the manner in which the bacilli were demonstrated. There are three points of especial interest in Table 1 . First, 65 per cent of the cases negative by repeated 24-hour sputum tests were positive by repeated 72-hour sputum examinations. Second, 4 out of 15 patients negative by repeated 72-hour sputum tests were positive when gastric contents were tested. Third, 75 per cent of the patients who raised no sputum were positive when repeated examinations of fasting gastric contents were made.
It will be noted from Table 1 that there were 23 negative (columns 10 and 13) and 76 positive cases (columns 3, 6, 9, and 12). Eleven cases were positive on every test and 6 of these were "no sputum" cases. Of the remaining 65 patients 15 were positive once, 7 twice, and 43 three or more times during the study. It would appear that there is considerable variation in this group of patients concerning the discharge of tubercle bacilli. In some who declared that they raised no sputum bacilli were being discharged frequently, whereas in several of the "sputum" cases numerous tests had to be made before bacilli were demonstrated.
A Ninety-five cultures and guinea-pig tests were made on the 8 smearnegative cases with 58 positive and 37 negative results.
The records of the pneumothorax group of patients showed that 13 had never raised sputum, 7 had never had a positive smear, and 8 were smear-positive at some time. During the study 3 cases were smear-positive. On the remaining 25 cases 273 tests were made-73 positive results were obtained. Nine patients were negative throughout the study, 6 had only one positive, 7 two or more positives, and 3 showed all tests positive.
Comparison of smears and cultures of sputum concentrates One of the purposes of our study was to determine whether with further experience with the technic of obtaining cultures of the tubercle bacillus it would be possible to substitute the culture method for guinea-pig inoculations. In a previous report4 the use of both methods was advised. Since that report we have improved on the culture method and this will be discussed in a later publication.
Cultures were made on all concentrates of sputum regardless of whether or not tubercle bacilli were demonstrated by smear. When the smears were positive the number of bacilli were recorded as: many-more than one organism per high-power field; few-less than one organism per high-power field; and rare-if less than 12 bacilli were observed in a ten-minute search of the smear. The results of the culture method are shown in Table 2 . The majority of the contaminations occurred when the old type of media was used. It is interesting to note ( Table 2 ) that failure to obtain a culture of tubercle bacilli did not occur until the organisms were rare in the smear; also that one-fourth of the cultures from smear-negative concentrates showed growth of the tubercle bacillus. It is apparent .that the culture method is superior to smear examination, but the failure to obtain cultures where bacilli were rare in a smear is disturbing. This will be discussed later.
In the recording of the cultures the number of colonies up to 4 was stated, and 4 or more colonies were recorded as 4+. Table 3 shows the percentage distribution on this basis of the positive cultures shown in Table 2 . All cultures were examined weekly and a record was kept of the date when macroscopic growth of the tubercle bacillus was noted. It is realized that daily examination would have had earlier recordings in a number of instances, but where a large number of cultures have to be examined it was found better practice to limit examinations to once a week. The data relative to the time of appearance of the growths of tubercle bacilli, as listed in Table 2 , are given in Table 4 . All cultures were kept for three months, but no growths were noted after a lapse of eight weeks. It is now our practice to discard all cultures if negative at the end of eight weeks. Attention is called to the fact that as the number of organisms becomes less in the concentrate, as shown by smear and by the number of colonies on the cultures, the lapse of time required for the appearance of growth is prolonged.
Comparison of cultures and guinea-pig inoculation of concentrates of sputum and gastric contents
From the data given above no one would question the superiority of the culture method over smear examinations of sputum concentrates in the demonstration of tubercle bacilli, especially where the smears are negative. This brings up the question "Can the culture method replace the guinea-pig test?" In this investigation 907 cultures and guinea-pig inoculations were done on concentrates of smear-negative sputum or of gastric washings. No smears were examined on the gastric washings because previous experience has indicated that such examinations are not only unreliable but that positive findings are so infrequent that they do not warrant the From these data it is apparent that as the bacilli become fewer in number and more difficult to detect guinea-pig inoculation proved to be the better method for the demonstration of the few bacilli present.
Discussion
We have been unable to find in the literature a report of a periodic search carried on for a year for tubercle bacilli in a group of tuberculous cases such as are reported in this paper in which the more refined laboratory technics have been employed. There are many papers that deal with refinements of technic and with comparison of the efficacy of various methods. In the present discussion we wish to stress the importance of the year's study anent the question of whether or not tuberculous patients were discharging tubercie bacilli in demonstrable quantity.
Some authors, notably Pinner,2 Willis,5 Bogen,' and Pottenger,3
have warned against the too ambiguous use of the term "negative sputum" and have argued, with justice, that when this term is used it should be qualified by stating the examining method employed. Willis and Pottenger have shown that a greater number of positive results is obtained with a 7-day than with a 24-hour sputum, and that a 14-day sputum yields more positive results than does a 7-day specimen. On this same basis one may concede that if all sputum were examined for an indefinite period a still higher percentage of positive results would be revealed. However, there must be a limit to the number of examinations and the type of specimen to be examined if a routine procedure is to be followed on a sizable group of tuberculous cases. In our approach to this problem we have adopted a procedure which we consider a feasible one and at the same time have recognized that we have undoubtedly missed a certain percentage of positive results. However, the results we have obtained are sufficient to warrant a rather stringent restriction for the use of the term "negative sputum." If one were content with standards of a few years ago this group of tuberculous patients would present a favorable aspect. Over one-fourth of the group had minimal tuberculosis, one-third had never raised any sputum, and one-third of those who had raised sputum had never had a positive smear. Two-thirds of those who had had a positive smear had converted their sputa to the negative state during the study. The group as a whole had had excellent hospitalization, with an average residence of three and one-half years at the end of the study. Over one-third of the patients had had the advantage of surgery, with an average hospitalization in excess of two years since the inception of the surgical procedures.
The results of this year of intensive investigation with such a favorable group to study are rather disconcerting. Seventeen per cent of the group of proven tuberculous patients were negative throughout the study; 13 per cent had but one positive, and 70 per cent had two or more positive tests by more searching methods. The very low percentage of negative cases in the far advanced group was to be expected, but the very slight difference in negative cases between 25 per cent of the minimal and 17 per cent of the moderately advanced groups was a complete surprise. Only 12 per cent of the patients who were treated by conservative methods were negative throughout the study. Twelve cases that submitted to thoracoplasty produced only one completely negative sputum, while in the pneumothorax group 32 per cent were negative. In 20 of 28 patients it was necessary to resort to culture and guinea-pig inoculation in order to demonstrate tubercle bacilli prior to the institution of pneumothorax, and yet at the end of the study only one of the 8 smear-positive cases receiving this form of therapy had become negative. Such results are not too encouraging.
It is not our intent to detract from the definite clinical improvement that has occurred among the patients who have had the benefit of surgical procedures. There can be no question that the pathological process has been quieted down, for 65 per cent of the smear-positive cases have become smear-negative following surgical intervention. In spite of the marked clinical improvement and the high percentage of "sputum conversion," tubercle bacilli could be demonstrated intermittently by the more refined laboratory methods in 68 per cent of the pneumothorax group and in 92 per cent of the thoracoplasty group. In those cases in which tuberde bacilli could be demonstrated in smears of sputum prior to surgical intervention only 10 per cent failed to show tubercle bacilli when the meticulous laboratory procedures were used. Modern surgical measures are of great benefit to tuberculous cases, but by such procedures only a minority of cases reach a state where tubercle bacilli cannot be demonstrated intermittently by a thorough routine procedure of monthly examinations of sputum or of fasting gastric contents. Few tuberculous patients should be told that they will be "cured" of the disease by modern surgery. They can be told, however, that they may receive great benefit.
A question which naturally arises is whether it is justifiable to continue hospitalization of tuberculous cases until tubercle bacilli 361 can no longer be demonstrated by the more refined laboratory methods, and if so, how long a period patients should maintain consistently negative findings before being discharged back to civilian life. As judged by all accepted clinical standards a large majority of the patients studied were in excellent physical condition; in fact, as a whole they presented a better physical appearance than would be found in an average group of citizens. Since but a small percentage of the cases was negative during the year of study, and since a more intense search for tubercle bacilli might have demonstrated that some, if not all, of the negative cases might be discharging a few tubercle bacilli, one must recognize that very few are "cured" in a pathological sense. Under the stress and strain of civil life it is no wonder that clinical relapses occur, because a large proportion when discharged back to work still harbor a smoldering disease. At least a proportion of these cases is a potential reservoir from which disease may possibly be spread in a community, hence the urgent necessity for periodic roentgenographic surveillance of all discharged tuberculous patients. However, it would seem an unjustifiable hardship upon the tuberculous individual to segregate him indefinitely, for unquestionably there is already a large reservoir of potential "spreaders" in every large community. The fundamental problems of tuberculosis-obtaining a pathological cure and controlling all potential "spreaders"-attain increased significance as ground is gained in the fight against the disease. The solution to the problem of tuberculous infection is not at hand despite the favorable trend in the death rate from this disease. Until all potential spreaders can be segregated it seems difficult to set up a too rigid standard for the discharge of cases from tuberculosis hospitals. Tuberculous cases that have become negative by smear of sputum concentrate, or that do not expectorate under treatment, are probably no more a menace in a community than many untreated cases who have an infection that is held to be "of no clinical significance." In a study now under way in this institution tubercle bacilli have been demonstrated in about 10 per cent of patients with x-ray evidence of pulmonary tuberculosis judged to be "of no clinical significance."
In the group of 116 patients, four with "clinically active" moderately advanced disease failed to show tubercle bacilli in 56 cultures and guinea-pig inoculations, and two of these cases showed cavity bv planography. It appears strange that, actually, with no greater effort than that used on these patients (provided they are tuberculous) all the cases of minimal tuberculosis were demonstrated to be discharging bacilli. A survey of 384 cases of moderately and far advanced pulmonary tuberculosis treated in this institution since 1930 is of interest relative to the demonstration of tubercle bacilli. This ten-year study may be divided into two parts-1930 to 1935 when culture and guinea-pig inoculations were not used as a routine procedure on admission to the hospital, and 1936 to 1940 when, if smears were negative on admission, all cases had routine cultures and guinea-pig inoculations done on sputum or on gastric washings. In the first period there were 149 cases presenting cavity and 100 in which no cavity could be demonstrated. Adequate laboratory investigations were made on 77 per cent of the cavity and on 68 per cent of the no-cavity cases. In the second period there were 83 cavity and 52 no-cavity cases. Adequate laboratory studies were done on 98.8 per cent of the cavity and on 96.2 per cent of the no-cavity cases. Of the cases adequately studied in the first period tubercle bacilli were demonstrated in all of the cavity cases and in 87 per cent of the no-cavity cases. In the second period 95 per cent of the cavity and 88 per cent of the no-cavity cases had tubercle bacilli demonstrated. Cases in which tubercle bacilli were demonstrated were proved as follows: In the first period, 72 per cent by smear and 28 per cent by guinea-pig; in the second period 47 per cent by smear and 53 per cent by culture or guinea-pig. With such a high percentage of proved tuberculous cases in the no-cavity group it is but a reasonable assumption that all cavity cases should be proved to be positive. That this is not the case in the period of 1936 to 1940 leads one to question the clinical diagnosis. In the future it may well become a requirement to demonstrate tubercle bacilli before any diagnosis of "clinically active" moderately or far advanced pulmonary tuberculosis be made, and in those cases that fail to show tubercle bacilli after painstaking investigation, search for other causative agents should be instituted. No one would question the fact that an x-ray diagnosis of pulmonary tuberculosis from the location of shadows will be correct in the large majority of instances, but it is well known that tuberculosis is not the only disease which will affect the usual sites of tuberculous pathology.
One of the purposes of this study was to determine whether, with improved technic and greater experience with the cultural method, this latter method could replace the guinea-pig test. All sputa were cultured whether they were positive or negative by smear (concentrate). The results of this part of the study are shown in Tables 2, 3 , and 4. There are four points of prime interest in these tables-first, failure to obtain growth in a minor percentage of specimens where tubercle bacilli were noted as "rare" in the smears; second, a small percentage of cultures with very few colonies where the numbers of bacilli were noted as "few" in the smears; third, the gradual increase in the length of time before macroscopical growth became evident as the number of bacilli became fewer in the specimens; and, fourth, 25 per cent of the cultures from smear-negative specimens gave growth of the tubercle bacillus. The fact that we obtained so many cultures from smear-negative specimens shows that the technic of concentration and the sensitivity of the culture medium used are fairly satisfactory; but the failure to obtain cultures from some smear-positive specimens also shows that the methods we used were not perfect. While great improvement has been made in the culturing of the tubercle bacillus during the past twenty years we do not believe that the best method is yet at hand. We are of the opinion that at present it is probable that there are a certain number of instances where a few viable tubercle bacilli planted on the best culture medium now available will fail to grow. This situation will continue to exist until the exact food requirements of the bacillus are determined. We want to warn against the assumption that a negative culture indicates the complete absence of viable tubercle bacilli in the material planted on the culture medium.
One must also recognize that the guinea-pig test is not infallible. There is some degree of difference in the susceptibility of individual animals to tuberculous infection, and there is also some variation in the degree of pathogenicity of the tubercle bacillus. If, then, an animal of high natural resistance is inoculated with a very few tubercle bacilli of low pathogenicity a progressive tuberculosis may not ensue. This probably accounts for the fact that on a rare occasion a positive tuberculin reaction may be elicited in an animal in which tuberculous infection cannot be demonstrated. One should not assume, then, that a negative guinea-pig test necessarily means that no tubercle bacilli were present in the material inoculated into the animal.
Recognizing then that neither the culture nor the guinea-pig affords an infallible test for the presence of very few tubercie bacilli it is of great interest to determine the relative sensitivity of these two tests where tubercle bacilli are few in number. On 78 patients where tubercle bacilli were demonstrated by pig or by culture, or by both, the pig was positive in 97.5 per cent and the culture in 81 per cent of the patients. In 11 cases where all tests were positive the guinea-pig was positive in 97 per cent and the culture in 87 per cent of the tests. In 67 patients where the tests were positive only in part the guinea-pig was positive in 93 per cent and the culture in 53 per cent of the positive tests. Throughout the tests care was taken to plant as much concentrate on the culture medium as was inoculated into the guinea-pig. It will be noted that the least difference between the guinea-pig and the culture occurred in those patients where all tests were positive, and the greatest difference was in those patients in whom positive results were obtained only intermittently. The most significant point is that in patients in whom tubercle bacilli were demonstrated with difficulty there was a 40 per cent advantage in favor of the guinea-pig over the cultural method. In instances where tubercle bacilli are rare in the material to be examined it is fair to assume that bacilli might be inoculated into a guinea-pig and not onto the culture medium, or vice versa. We have observed cases in which both guinea-pig and culture were positive in one specimen and in a subsequent specimen only the pig or the culture was positive.
In a series of tests as large as is presented here one would expect that if it were a question of a few bacilli in one portion of the specimen and none in the other the differences between positive culture and guinea-pig methods would be counterbalanced. That these differences increase as it becomes more difficult to demonstrate tubercle bacilli indicates that the guinea-pig is somewhat superior to the culture for the detection of very few bacilli.
Summary
The application of the more refined methods of culture and of guinea-pig inoculation was tried for one year as a routine monthly procedure on all tuberculous patients in this institution who were "smear-negative" by concentration of sputum or raised no sputum (gastric washings being done).
During the study the sputum of 17 patients showed tubercle bacilli by smear, 60 patients who raised sputum never had a positive smear, and 39 patients did not expectorate. Of 907 specimens examined from the 99 negative smear sputum and no-sputum cases, 35.4 per cent were positive by pig or culture, or both. Seventy-six of the cases were positive one or more times during the investigation, and 23 were consistently negative. Sixty-two of the cases were positive only when 72-hour sputum tests or two consecutive gastrics were done.
There was but little difference between the percentage of negative cases in the minimal and in the moderately advanced groups-25 per cent in the former and 17 per cent in the latter. Only one of the 12 thoracoplasty cases and 9 of 28 pneumothorax cases were consistently negative.
Four patients diagnosed as "clinically active" moderately advanced pulmonary tuberculosis were negative after 56 attempts had been made to demonstrate tuberde bacilli by culture and guineapig inoculation of sputum or gastric washings. The correctness of the clinical diagnosis may be rightly contested in these cases.
The method of culture used in this study proved to be satisfactory except with specimens having very few bacilli. In this latter group of specimens the guinea-pig was distinctly superior. The reasons for the discrepancy between culture and guinea-pig methods in this series are discussed.
Neithe'r the guinea-pig nor the culture is infallible in demonstrating tubercle bacilli where these organisms are very few in the specimen. Care should be taken not to regard a negative culture or a negative guinea-pig test as absolute proof that no tubercle bacilli are present in the inoculated material.
When the term "negative sputum" is used care should be taken to state the method or methods by which such a result was obtained. Repeated tests over a considerable period of time should be made before too much reliance is placed upon negative findings.
Great caution should be used in pronouncing a tuberculous patient as "cured" by any accepted method of treatment, surgery included. The tubercle bacillus is a resistant parasite; it has the ability to maintain its foothold in a host who apparently has been restored to normal health. This situation explains in large part why tuberculosis is a "relapsing" disease, and adds further emphasis to the slogan "Once tuberculous, always tuberculous."
In a monthly test for the presence of tubercle bacilli on tuber-culous cases too much reliance should not be placed upon negative findings unless the more improved and searching laboratory methods of concentration, culture, and guinea-pig inoculation are included as a part of routine pirocedure. The minimal requirements in such a procedure would be a concentrated 72-hour sputum in all "smearnegative" sputum cases and two consecutive gastric washings each month in the "no-sputum" cases. Whether the expenditure necessary to carry out such a program is feasible will have to be determined by those responsible for the broad program for the eradication of tuberculosis. Such a program would undoubtedly show that only a minor percentage of tuberculous patients now being discharged from tuberculosis hospitals leave these institutions with lesions that fail intermittently to shed tubercle bacilli.
